BACKGROUND {#Sec1}
==========

The ongoing pandemic of COVID-19 has become a focus of global research as many characteristics of this virus are still being defined.^[@CR1]^ The most common symptoms currently associated with COVID-19 include fever, cough, and fatigue.^[@CR2]^ Rhabdomyolysis is rarely seen and was only reported in 0.2% of patients in a study of 1099 patients in China.^[@CR2]^

Common etiologies of rhabdomyolysis include trauma, strenuous exercise, prolonged immobilization, seizure, and toxins, including illicit substances such as cocaine, alcohol, and drugs including statins.^[@CR3]--[@CR5]^ Other viral infections including influenza A and other coronaviruses such as SARS have been associated with rhabdomyolysis.^[@CR6],[@CR7]^ One case report from China describes SARS-CoV-2-associated rhabdomyolysis; however, in that case report, kidney function remained normal and rhabdomyolysis was not the presenting concern.^[@CR8]^ Here, we present a case of severe rhabdomyolysis leading to acute kidney injury (AKI) as the primary presenting feature of COVID-19.

CASE REPORT {#Sec2}
===========

A 51-year-old man with a history notable for hypertension, recent diagnosis of non-insulin-dependent diabetes mellitus type 2 (HgbA1c of 7.6%), obstructive sleep apnea, and chronic kidney disease stage 2 presented to the emergency department with a chief concern of 2 days of diffuse myalgias including his chest, back, arms, and legs. The patient exercised regularly at the gym 5 days a week and primarily performed resistance exercises. Due to his general malaise, he had not gone to the gym for 1 week prior to presentation. He described his presenting myalgias as similar in quality to muscle soreness from exercise but much more severe. Ultimately, he presented to care because his pain had become intolerable.

He also described a slight dry cough and mild chills but no fevers. He denied any shortness of breath or sore throat. He had no recent trauma or immobilization. He denied any new medications or diet, weight loss, or exercise supplements. He did not have any recent alcohol intake or use of illicit substances including cocaine or amphetamines. He had no recent travel or sick contacts. He did not have any family history of rhabdomyolysis, other muscle or metabolic disorders, kidney disease, reactions to anesthesia, or thyroid disease.

In the emergency department, the patient had a fever of 103 °F, tachypnea with respiratory rates initially in the 20s--30s, and cough. He was saturating well on room air when awake but required 4 L of oxygen while asleep given his sleep apnea. Exam was notable for a lack of respiratory distress with lungs clear to auscultation and the patient able to speak in full sentences. All muscle compartments were soft and nontender; no muscular weakness was noted. Physical exam was overall unremarkable. Laboratory abnormalities included the following: positive SARS-CoV-2 RT-PCR on initial nasopharyngeal swab, WBC of 3.8 K/μL (reference 4.00--10.00 K/μL) with 16.8% lymphocytes (reference 18--41%) and absolute lymphocyte count of 0.64 K/μL (reference 0.72--4.10 K/μL), BUN 32 mg/dL (reference 6--23 mg/dL), creatinine 2.48 mg/dL with a baseline of 1.3 (reference 0.50--1.2 mg/dL), AST 715 U/L (reference 10--50 U/L), ALT 122 U/L (reference 10--50 U/L), troponin T-hs Gen5 110 ng/L (reference 0--14 ng/L), procalcitonin 0.57 ng/mL (reference 0.00--0.08 ng/mL), CRP 64.4 mg/L (reference 0.0--3.0 mg/L), LDH greater than 2150 U/L, the limit of the assay (reference 135--225 U/L), and creatine kinase (CK) 339,500 U/L(reference 39--308 U/L). Urinalysis was notable for 3+ blood and 2+ protein. Urine sediment was notable for 1 RBC, 6 WBCs, and granular casts. He did not have electrolyte derangements at presentation. Chest X-ray was notable for ill-defined left basilar opacities read as possibly representing atelectasis. The patient's most recent TSH in 2017 and his TSH during admission were within normal limits.

The patient's laboratory abnormalities were thought to primarily be secondary to COVID-19. His kidney injury was presumed due to his SARS-CoV-2 infection driven rhabdomyolysis, as careful history and physical identified no other etiologies of rhabdomyolysis. Peak serum myoglobin of 15,175 mg/L (reference 0.0--71.0 mg/L) occurred on day 5, and peak urine myoglobin of \> 5000 mcg/L also occurred on day 5 (greater than assay, reference ≤ 21 mcg/L). An aldolase level of 39.4 U/L (reference \< 7.7 U/L) was seen on day 7 (Fig. [1](#Fig1){ref-type="fig"}).Figure 1**Laboratory values during the first 8 days of admission prior to hemodialysis. CRP, C-reactive protein; Cr, serum creatinine; CK, serum creatine kinase; Troponin T, 5th-generation (high-sensitivity) cardiac troponin T; AST, aspartate aminotransferase; ALT alanine aminotransferase; LDH, lactate dehydrogenase.**

While there were no proven treatments for COVID-19 at the time of the patient's hospitalization, our treatment teams considered several of the most commonly utilized experimental therapies at our institution including remdesivir, hydroxychloroquine, and tocilizumab as possible treatments for this patient's COVID-19 disease. Given his profound kidney impairment and markedly elevated AST and ALT, the risks of treatment were felt to outweigh the uncertain benefit of these experimental therapies. Additionally, the patient's clinical picture was not consistent with cytokine storm, offering another reason to defer tocilizumab.

The patient initially received standard therapy for rhabdomyolysis with aggressive intravenous fluids on the first 2 days of admission. However, as the patient became increasingly oliguric producing only 180 mL of total urine output over the 2nd day of admission, intravenous fluids were discontinued, and a diuretic challenge was initiated given concern for evolving volume overload. This consisted of intravenous chlorothiazide and furosemide, and this regimen was slowly decreased until the patient was urinating spontaneously on day 8 of admission. To prevent severe electrolyte derangements necessitating urgent dialysis, the patient intermittently received aluminum hydroxide, sevelamer carbonate, calcium acetate, and sodium zirconium cyclosilicate. Additionally, his bicarbonate dropped to a nadir of 14 mmol/L on day 3 of admission. In order to treat the acidosis, the patient was given a bicarbonate infusion and then transitioned to oral bicarbonate. Despite these interventions, the patient ultimately required initiation of hemodialysis on day 8 given worsening mental status, primarily somnolence, secondary to uremia. Troponin T-hs continued to rise during hospitalization to a peak of 708 ng/L on day 8. Serial EKGs demonstrated no evidence of ST elevations concerning for myopericarditis. The troponin elevation was hypothesized to most likely be secondary to his significantly elevated CK levels given the cross-reactivity between CK and 5th-generation high-sensitivity troponin T.^[@CR9]^

After initiating intermittent hemodialysis, the patient's laboratory abnormalities began to improve as early as the next day. On day 9, the patient's creatinine was 15.95, and all inflammatory markers including troponin were down trending. The patient was ultimately discharged on day 15 following placement of a tunneled dialysis catheter for ongoing outpatient dialysis.

DISCUSSION {#Sec3}
==========

To our knowledge, this is one of the first cases of SARS-CoV-2 infection presenting with severe rhabdomyolysis requiring dialysis to be reported, as well as one of the first case reports of COVID-19-associated rhabdomyolysis outside of China. Many viral infections, including infections caused by the SARS-CoV-2 virus, can present with nonspecific myalgias that may be severe. This case illustrates that myalgias in COVID-19 disease can represent frank rhabdomyolysis. It is important that clinicians are aware of this potential manifestation of COVID-19 disease, as prompt diagnosis and management of rhabdomyolysis with volume administration can prevent severe and, occasionally, permanent kidney injury.^[@CR10]^ This is of particular note given that it is in contrast to the conservative fluid management strategy otherwise currently being recommended for management of COVID-19.^[@CR11]^ Prompt management of rhabdomyolysis and preservation of kidney function are of additional importance given that several experimental treatments proposed for COVID-19 such as remdesivir and hydroxychloroquine are contraindicated in severe kidney failure,^[@CR12]^ and severe kidney failure status in this patient prevented utilization of such experimental therapies.

The pathogenesis of rhabdomyolysis in infection with SARS-CoV-2 is unclear. Possible mechanisms may include direct muscle invasion by SARS-CoV-2 versus oversized immunologic response to the virus causing collateral muscle damage.

While frank rhabdomyolysis may be rare, elevated CK levels were identified in 13.7% of patients^[@CR2]^ in one large cohort of COVID-19 disease from China, suggesting some component of muscle injury may be relatively common. Additionally, evidence of myocardial injury is being frequently reported in COVID-19 patients and may represent a common underlying mechanism.^[@CR13],[@CR14]^

In contrast to rhabdomyolysis, acute kidney injury appears to be common in patients with COVID-19. In studies of 1099 and 278 patients infected with SARS-CoV-2 in China, between 0.5 and 4% of patients had acute kidney injury.^[@CR2],[@CR15]^ Acute kidney injury increases morbidity and likely mortality of these patients.^[@CR16]^ Furthermore, the requirement of renal replacement therapy (RRT) complicates management, particularly in settings where resources (dialysis machines and staff) may be limited. It is important to exclude reversible and/or treatable causes of AKI early in order to prevent the need for RRT.

We hypothesized that kidney injury in this case was due to heme pigment-associated acute tubular necrosis from SARS-CoV-2 infection driven rhabdomyolysis. While it is possible that there was a component of direct cellular injury from the virus via ACE2 in kidney cells, this is speculative.^[@CR17]^ There has been recent work showing renal tropism of SARS-CoV-2 as well as the enrichment of the RNA of genes in multiple kidney cell types hypothesized to facilitate SARS-CoV-2 infection including ACE2, transmembrane serine protease 2 (TMPRSS2), and cathepsin L (CTSL).^[@CR18]^ Viral RNA has also been recovered from urine samples in several studies.^[@CR19]--[@CR21]^ It is unclear whether one of several proposed therapies for COVID-19 would have proven beneficial in either reducing the duration of illness or severity of rhabdomyolysis. However, once our patient had established acute tubular necrosis (ATN) from heme pigment exposure, it is unlikely that treatment of the viral infection with specific therapies would have changed the course of his kidney injury or prevented the need for hemodialysis. Given his high creatinine kinase and oliguria on presentation, it is likely this patient already had acute tubular necrosis on presentation. It remains to be demonstrated whether proposed therapies for COVID-19 affect kidney recovery and the need for RRT.

This case additionally highlights the care needed in interpreting laboratory perturbations in COVID-19. While myocarditis and pericarditis have been reported as potential manifestations of SARS-CoV-2 infection, here, we identify a patient with multiple elevated inflammatory markers and rising troponin that was ultimately deemed most likely to be secondary to cross-reactivity between severely elevated CK levels and the 5th-generation high-sensitivity troponin assay.^[@CR22],[@CR23]^ Highlighting this occurrence may be helpful in assessing other patients with SARS-CoV-2 infection and simultaneously elevated CK and troponin levels.

In conclusion, this case suggests that severe rhabdomyolysis can be the presenting symptom of SARS-CoV-2 infection. In a study of clinical features of patients in Wuhan, China, 44% of patients were noted to present with myalgias.^[@CR24]^ Given that myalgias can be an early presenting symptom of rhabdomyolysis, rhabdomyolysis should be suspected in patients who present with severe myalgias. We suggest measuring serum creatinine kinase early in such patients. In addition, caution may be advisable when considering myocarditis or pericarditis in the setting of elevated CK levels in SARS-CoV-2-infected patients.
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